Examination of 3-lactam susceptibility of mutants altered in the control of chromosomal J3-lactaimase of Pseudomonas aeruginosa supports the view that a constitutive level of P-lactamiase is not an adequate explanation for resistance to cefsulodin and ceftazidime but could be for resistance to piperacillin which has an efficiency of hydrolysis ca. 10 times higher than does cefsulodin or ceftazidime.
Enterobacter, and Serratia strains which possess inducible ,3-lactainases (10) . Resistance is reported to, develop to most recent P-lactams, with the exception of those such as mecillinam and imijOikm (N-forminiidoyl thienamycin) that bind primarily to penicillin-binding protein 2 (10) . The rapidity and extent of such resistance is of major concern and could lead to curtailment of the tise of second-and thirdgeneration cephalosporins and antipseudomonal penicillins.
The basis of such resistance has been proposed to be due to a derepression or mutation to stable derepressed (cOnstitutive) production of the inducible -lactamase (3, 4, 6, 10) . Resistance is achieved by either hydrolysis of p-lactams or by a nonhydrolytic barrier for those not subject to hydrolysis (10, 13) . In the latter case it has been proposed that 1-lactamase binds P-lactam molecules and prevents them from bindihg to target penicillin-binding proteins. Although it is clear that some of the resistant isolates are constitutive mutants, it has not yet been cohfirmed that constitutive production is the only mechanism operating to produce resistance, particularly to nonhydrolyzed -lactams in the various strains isolated to date. Recently, Seeberg et al. (11) showed by genetic transfer experiments to Escherichia coli that chromosomal 13- Table 1 provides rates of 3-lactamase activity as determined by the micro-iodometric assay (9) for each of the isogenic set with penicillin G as a substrate and using the chromogehic cephalosporin, nitrocefin. We also confirmed by isoelectric focusing (8) that the three strains producing ,Blactamase produced only a single enzyme even after treatment with imipenem (see below). When P. aeruginosa PA04069 was grown with imipenem to induce the 3-lactamase, the enzyme rate was slightly in excess of that for the consti ¶utive mutant (P. aeruginosa PA04082). Treatment of strain PA04082 under the same conditions produced enzynme activity equal to or in excess of that obtained by treatmnent of strain PA04069 with imipenem. differences in zone sizes between the normal inducible state of strain PA04069 and the constitutive strain PA04082 were observed for piperacillin and cefoperazone. These differences were obvious when zones produced with strain PA04082 were compared with those produced with PA04098 (weak ,-lactamase producer). PA04098 had a substantially larger zone size when exposed to imipenem than did either PA04069 or PA04082. Table 3 demonstrates MICs and MBCs in BHIB for fourlactams with an inoculum of 106 CFU/ml; these levels were determined after 18 h at 35°C. Patterns of these results were similar to those with inocula of 105 and 107 CFU/ml and with those of readings at 42 h, although absolute values differed. The agents were selected as antipseudomonal 1-lactams with different susceptibility to chromosomal 3-lactamase (Table  4) . These results show that P. aeruginosa PA04082 (constitutive) generally had an 8-fold higher MIC and MBC for piperacillin compared with values for strain PA04069 (normally inducible) and 8-to 32-fold higher MICs and MBCs compared with those for strain PA04098. For ceftazidime or cefsulodin the ratios of resistance of PA04082 to PAO4069 were one-to twofold and of PA04082 to PA04098 were oneto fourfold. The ratios of either MIC or MBC of piperacillin with imipenem present (to obtain maximum 1-lactamase induction) to MIC or MBC of piperacillin with no imipenem for PA04069 were 8-or 16-fold, respectively. For the weak 3-lactamase producer PAO4098 these ratios were 1. In the cases of ceftazidime and cefsulodin two-to fourfold increases for PAO4069 were seen with imipenem present and no increase was seen for PA04098 when imipenem was present. An eightfold decrease in imipenem resistance was noted for PA04098 relative to resistance for PA04069 or PA04082. 0.010 a All assays were performed with 0.25 mg of protein per assay. The enzyme source was strain PA04082 and was the supernatant of cells grown overnight on BHIB, sonicated, and centrifuged at 3,000 x g for 10 min. Imipenem and moxalactam had no detectable rates of hydrolysis.
b Values represent "efficiency of hydrolysis"; these are arbitrary units, used for comparative purposes only.
Although ceftazidime and cefsulodin have similar Vmax values as that for piperacillin, they have 10-fold higher apparent Km values and ca. 10-fold lower Vmc,/IKm "efficiency of hydrolysis" ratios (1) ( Table 4 ). Imipenem and moxalactam were not detectably hydrolyzed.
The results provided in this sttidy demonstrate that constitutive or high levels of production of 3-lactamase result in increased resistance to piperacillin but smaller or no increases in resistance to ceftazidime or cefsulodin (or moxalactam; Table 2 ). Our results are consistent with the view that resistance is related to the capability of chromosomal 1-lactamase to hydrolyze a r3-lactam substrate. The order of resistance (from greatest to least) is penicillin G, piperacillin, ceftazidime, and cefsulodin. The level of resistance to moxalactam, which is not hydrolyzed, was similar to levels of resistance to ceftazidime and cefsulodin.
Our results suggest that a nonhydrolytic barrier may play some role in the intrinsic susceptibility of P. aeruginosa to imipenem in that the normally inducible strain PA04069 is about eight times more resistant to this agent than is strain PA04098, the weak f-lactamase producer. A view consistent with our obse'rvations is that imipenem induces large quantities of 3-lactamase which binds the drug-limiting access to the small number of primary targets, penicillinbinding protein 2. It is estimated that Escherichia coli has only 20 such targets per cell (12) , and the quantity is similar in P. aeruginosa.
Our results do not support the hypothesis that significant resistance to poorly hydrolyzed or nonhydrolyzed antipseudomonal cephalosporins can be achieved solely by high-level P-lact4mase production which could act as a nonhydrolytic barrier to bind and trap an incoming drug. It seems likely 
